The density, distribution and population structure of Opusia indica were studied through transects method. Two transects were delimited in a mangrove area of Korangi creek (24 • 79 N/67 • 20 E). On each transect, three 0.25 m 2 quadrats were sampled at three tidal levels on a monthly basis during low tide. A total of 1919 crabs were obtained, of which 775 were males, 945 were non-ovigerous females and 199 were ovigerous females. Density of crabs varied between 198 m −2 to 798 m −2 . The density and size distribution showed significant difference from low tide level to high tide level and were positively correlated with the percent moisture, percent organic matter and sediment structure. Based on carapace width (CW) males were significantly larger than the females indicating sexual dimorphism. The monthly size frequency distribution of crabs showed recruitment of juvenile crabs (< than 4 mm) nearly throughout the year except in few months. The monthly sex ratio deviated from 1:1 throughout the year, with female bias (χ 2 = 31.633, P = 0.001 and df =11). Breeding was seasonal with peaks in SW monsoon. Size at sexual maturity based on smallest ovigerous female was CW = 4.0 mm. The average number of eggs per female were 2066 ± 479 (n = 25). Positive linear relationship was observed between the size of the female crabs and the egg numbers (r 2 = 0.554).
Introduction
Opusia indica crabs are small, sluggish and burrowing; and commonly deposit feeders in mangrove intertidal areas belonging to family Camptandriidae (Tirmizi & Ghani 1996; Ng et al. 2009 ). Tirmizi & Ghani (1996) reported single species of genus Serenella indica from the coastal areas of Pakistan. However, Ng et al. (2009) have redesignated this genus as Opusia indica (Alcock, 1900) , type specimen from Karachi, Pakistan while resolving the taxonomy of Tylodiplax indica Alcock, 1900 an intertidal brachyuran fauna of Iraq, which was provisionally placed as Serenella indica by Manning & Holthuis (1981) . Like other Ocypodoid crabs, O. indica crabs also construct and reconstruct their burrows. As deposit feeders they rely on organic matter for their food and are associated with either fine (clay or mud) or coarse sediment (Skov & Hartnoll 2001; Skov et al. 2002; Litulo 2005) . Particle size, percent organic matter and salinity are regarded as the variables affecting the zonal distribution of Ocypodoid crabs (Teal 1958; Macintosh 1988; Hogarth 1999; Ashton et al. 2003) . They play an important role in the ecological functioning and environmental management of the mangrove ecosystem (Lim et al. 1994; Lee 1999) , through feeding, burrowing (Robert-son 1986) , and also provide an important food source for coastal fisheries (Macintosh 1984) . These crabs are considered as a link between the primary consumers and consumers of higher trophic levels and play a key role in nutrient cycling and energy flow in ecosystem (Fielder & Jones 1979; Macintosh 1984; Ashton et al. 2003) .
The population biology of ocypodoid crabs is mainly based on the distribution of individuals in seasonal abundance, density, sex ratio, juvenile recruitment and reproductive intensity (Costa & Negreiros-Fransozo 2003; Litulo 2005; Saher & Qureshi 2010) . The studies about a population provide the knowledge of the ecological stability of the species in its specific habitat, as well as extend the understanding of the biology of a species (Pillay & Nair 1971; Jones & Simons 1982; Santos et al. 1995; Takween & Qureshi 2005) . Due to their burrowing and feeding activities these crabs perform an important ecological role but review of the literature shows no previous work on the biology and the ecology of O. indica. This is the first attempt to study the population biology and distribution of the commonly occurring mangrove crabs O. indica from the coastal areas of Pakistan. In addition, the influence of physical parameters in zonal density distribution and abundance of these crabs is also investigated. 
Material and methods

Study site
The Indus River delta is the most prominent coastal feature in Pakistan, the present Delta covers an area of about 600,000 hectares and is characterised by 17 major creeks and innumerable minor creeks, mud flats (Meynell & Qureshi 1993) and fringing mangroves vegetation occupying 73,001 ha (Ashraf et al. 2004) . Opusia indica crabs were regularly collected each month from Korangi creek mangrove area from March 2001 to February 2002 • 20 E) is the northernmost creek of the Indus Delta located in the east near the fishing village of Ibrahim Hyedri (Fig. 1 ). It is connected at its northeastern end with Phitti and Kadiro Creek, and its southwestern end with Gizri Creek and open sea. It is lined on its sides by extensive mangrove vegetation of Avicennia marina. The coastal mangrove system provides an ideal habitat for a variety of marine fauna including a number of crab species.
Sampling and laboratory analyses
Two transects were designated (20 meters apart) in intertidal mangrove mudflats. On each transect, a 0.5 m quadrats frame (0.25 m 2 ) was placed (10 meters apart from the low tide mark to high tide mark) at three tidal levels (low tide L1, mid tide L2, and high tide L3). The quadrat was excavated down to the depth of 30 cm (as most of the crabs do not construct burrows deeper than 30 cm) excavated mud was sieved (1 mm mesh) and the collected crabs in the sample were bagged in labeled polythene bags and kept in ice box that was brought to the laboratory and crabs were preserved in 70% ethanol for further analyses. In the laboratory, crabs were identified, sexed, and checked for the presence of eggs on pleopods of females and the proportion of ovigerous females in the samples was recorded. The size (carapace width) of the males, non-ovigerous females and ovigerous females was measured using vernier calipers (± 0.01 mm accuracy). The wet weights of ovigerous females with and without egg masses (removed from pleopods) were measured, and the weight of an egg mass was calculated from the difference of the two values. Fecundity was estimated by carefully removing all eggs from the pleopods of ovigerous crabs (n = 25) that were kept in 20 ml of seawater and for counting, eggs were stirred and three replicate samples of 2 ml were counted by the method following Saher & Qureshi (2010) . The size range of eggs (n = 10) from each crab was measured by an ocular micrometer under a microscope.
To investigate the relationship of O. indica crabs with the habitat, sediment samples were collected using PVC cores (inner diameter (ID) 5.6 cm, up to 20 cm deep) between two quadrats from each tidal level. In the laboratory, the sediment properties (percent porosity and percent organic matter content and grain size) were analyzed. Percent organic matter content was determined by monitoring the difference of mass loss after combustion in a muffle furnace following Saher & Qureshi (2010) . Briefly, 20-50 g of dry sediment sample was placed in a pre-weighed crucible, covered with a lid and combusted at 450 • C for 3 h. Grain size was analyzed by dry sieving methodology following Folk (1974) . Hydrographic parameters (salinity, temperature and pH) of collected interstitial water within the excavated frame pits (dug for excavation of crabs) were measured. Salinity was measured with a refractometer and temperature and pH with a field pH meter (Hanna 8314).
Statistical analyses
Completely randomized design (CRD) analyses of variance (ANOVA) with nested treatment arrangement were carried out by using the statistical package Minitab (Version 15.0) for differences among seasons and zones (tidal level) for the density of crabs. Test of significance were accepted as significant at P = 0.05 for statistical analyses. Tukey's pairwise comparison tests were carried out when main effect ANOVA test were significant for the zonal density and size distribution of the crabs. Monthly data were grouped into seasons following Saher & Qureshi (2010) , wherein December, January and February are defined as north east monsoon (NE), March, April and May are defined as pre-monsoon period. June, July and August are defined as southwest (SW) monsoon period, September, October and November as postmonsoon period, to observe the seasonal variability. Size at first maturity (SFM) was taken as the smallest recorded ovigerous female (Pinheiro & Fransozo 2002; Litulo 2005; Saher & Qureshi 2010) and both male and female crabs smaller than the smallest ovigerous female were classified as juveniles (Litulo 2005) . Chi Square (χ 2 ) test was employed to study the sex ratio. Pearson correlation coefficients were calculated to determine the relationship between the crab densities and physical parameters.
Results
Physical parameters
Seasonal variations were observed in all physical parameters, the highest temperature was recorded in SW monsoon (summer) and the lowest in NE monsoon (winter), whereas the highest salinity and pH were recorded in pre-monsoon (Table 1) . The estimated percent organic matter contents were high in NE monsoon season and grain size analyses revealed fine sand at study area (Table 1) . The percent organic matter contents were higher (3.59 ± 1.03) at the low tide level (L1) than at the mid (L2) and high tide level (L3) ( Table 2) .
Density and size frequency distribution
A total of 1,919 crabs were collected during the study period, of which 775 were males, the 945 were nonovigerous females and 199 ovigerous females. The mean density of Opusia indica was in the range of 198-798 m −2 and showed three peaks (July, November and January) throughout the year (Fig. 2) . The density distribution of crabs varied significantly (F 2,71 = 24.79, P < 0.005) among the three tidal heights and was significantly the highest at L1 as compared to L2 (ex-cept December and February) that were in turn significantly greater than L3 as the confidence interval for the difference between the means of L1 and L3 extends from (279.3 to 132.7) and (212.3 to 65.7) between the L2 and L3. These ranges do not include zero, indicating there was statistically significant difference between the corresponding means (i.e., L3 < L2 < L1) (Fig. 3A) . The Pearson correlation coefficient for sediment characters with density of O. indica crabs were estimated, and results showed positive correlation with percent porosity (P < 0.005, r = 0.498), sediment sorting coefficient (SkG) (P < 0.05, r = 0.41) and with the percent organic matter content (P < 0.01, r = 0.361).
Males were significantly larger than female (t = -7.93, P ≤ 0.005, df = 1901), indicating sexual dimorphism, the carapace width (CW) of male ranged from 2.25 mm to 12.5 mm and of females from 2.0 mm to 10.0 mm. The mean size distribution of O. indica was also found significantly different among three levels (F 2,71 = 28.66, P < 0.005) with larger size of the crabs at high tide level (L3) than low tide level (L1) and mid tide level (L2) (L3 < L2 ≈ L1) (Fig. 3B) . The monthly percent size frequency distribution of O. indica based on the carapace width CW showed recruitment of juvenile crabs (< 4 mm) nearly throughout the year with exception in March, October and November, whereas in April, May and June the small sized crabs were abun- dant, suggesting peak recruitment during Pre Monsoon and SW monsoon season (Fig. 4) .
Sex ratio and breeding period
The comparison of male and non-ovigerous female crabs of O. indica showed that the sex ratio deviated significantly from 1:1 throughout the year (χ 2 = 31.633, P = 0.001, df = 11). The population showed a female bias. The presence and comparison of percent distribution of ovigerous females with non-ovigerous females indicates that the breeding period ranged from February to September (Fig. 5 ) with peaks in SW monsoon season (50 to 65%). Size at first sexual maturity (SFM) was at carapace width (CW) = 4 mm based on the smallest ovigerous female collected. The density and size of the ovigerous females were significantly different among the levels (F 3,278 = 5.12, P < 0.005). The large sized ovigerous females with high density were collected at low tide level during the south west monsoon season. The mean CW of ovigerous females was 8.38 ± 1.03 mm, ranging from 4.0 to 10.0 mm (Table 3). 
Fecundity
The estimated average number of eggs were 2066 ± 479 (n = 25), the mean weight of egg mass was 0.016 ± 0.003 g, and mean diameter of egg was 2.79 ± 0.47 µm (n = 250) (Table 3) . A good correspondence and positive linear relationships (Fig. 6) were observed between the CW and the number of eggs (r = 0.554, P ≤ 0.005), and between the wet weight of the female crabs and the egg mass (r = 0.312, P ≤ 0.05) through Pearson correlation coefficient.
Discussion
During the present study significant spatial differences were found in the distribution and abundance of O. indica. Apparent seasonal peaks, during SW monsoon and NE monsoon were observed for density distribution of the crabs. Seasonal changes in the Arabian Sea and reversal of monsoon are well known phenomena that influence various oceanographic conditions. The SW monsoon occurs between June to September and modifies near surface water masses, mixes layers and influences the sea surface temperatures as well as up sloping of the nutrient rich water occurring along the coast (Siddiqui & Ahmed 1992) . The high energy coastal areas, due to high tidal amplitude during SW monsoon (Qari et al. 2005) , may influence the breeding of animals. The frequency distribution of a population is a dynamic characteristic that varies throughout the year as a result of reproduction and recruitment of larvae (Thurman 1985) . Spatial and temporal variations in environmental parameters (salinity, temperature expo-sure and tidal heights, etc.) are considered to play distinct role in determining the distribution and abundance of intertidal crabs (Teal 1958) . Warner (1967) suggested the migration of females in Aratus pisonii (H. Milne-Edwards, 1837), to water edge not only increases the relative female frequency; it may also enhance the chances of mate encounters. Humid conditions of mangrove intertidal areas may provide more suitable grounds for egg development, larval release and recruitment (Emmerson 1994) . The settlement of brachyuran megalopae has been associated with tidal range, wind direction, dial cycles and variation in salinity or temperature (Jones & Epifanio 1995; Rabalais et al. 1995) .
Significant difference in zonal density and size variations were also observed and comparatively small sized crabs were found to be abundantly distributed at low tide level where the texture of substratum was fine sand and the percent moisture and percent organic content were also high as compared to high tide level. Particle size also determines the distribution and zonation of crabs by influencing the organic matter content of the substrate, as the fine grained sediments generally contain high percent organic matter. The occurrence of smaller individuals down shore is not an uncommon feature in brachyurans, and amongst Ocypodoids (Hartnoll 1975; Frith & Brunenmeister 1980) . The presence of small sized crabs at low tide level suggests that the majority of the settlement occurred in down shore area. Many mangrove crabs are strongly dependent on propagules and leaf litter for food (Dahdouh-Guebas et al. 1998; Cannicci et al. 1999; Fratini et al. 2000) as well as sediment texture for building burrows (Lee 1999) . In Macropthalmus japonicus (De Haan, 1835), the distribution was size dependent and large sized crabs were found in the upper sandy areas where food was low; and high density of small sized crabs in the lower muddy area where food was more abundant (Henmi 1992) . In O. indica, the presence of more or higher number of small crabs may likely be due to greater organic matter contents, soil moisture content and compactness of the soil as these conditions are more suitable to smaller crabs and they suffer from desiccation more quickly than do the large crabs as there is more food for their growth.
Monthly size frequency distribution showed recruitment of juvenile crabs (< 4 mm) nearly throughout the year, except in March, October and November. The peak recruitment of juvenile crabs was observed during the months of premonsoon and SW monsoon season. Based on the frequency distribution no small size or juvenile crabs (CW = 1 mm to 3.0 mm) megalopa/initial crab stage of O. indica were found in the collection. However, it can be assumed that settlement probably occurred at around the same size (Snowden et al. 1991; Saher & Qureshi 2010) . This was reported by Leme (2002) in Sesarma rectum Randall, 1840, where the presence of low number of individuals in the smallest size classes may be due to sampling bias (Hartnoll & Bryant 1990) or a reflection of the different habitat preferences by juveniles, common in brachyuran populations. Many inter-tidal organisms have a differential zonal distribution during growth and development as many marine benthic organisms exhibit substrate preference upon their settlement (Grassle et al. 1992a, b; Sundberg & Kennedy 1993) . Various authors (Spivak et al. 1994 (Spivak et al. , 1996 (Spivak et al. , 2001 Lopez-Greco & Rodriguez 1999) reported that juvenile specimens of various ocypodoid species find shelter in polychaete reef formations and in a mangrove ecosystem, where the great amount of prop roots and pneumatophores play an important role in the protection of these young crabs.
The males were significantly larger than females, suggesting sexual dimorphism. This differential growth between sexes can be explained by processes related to reproductive events at the attainment of maturity with males reaching large sizes for combat, courtship and reproductive advantages; whereas, females due to higher reproductive effort of females during breeding grow more slowly as a result of more energy allocation to egg production (Warner 1967; Conde & Díaz 1989 ). This reproductive activity of females delays the somatic growth and consequently increases the number of females in certain size classes, especially in the reproductive size classes (Diaz & Conde 1989) . The ratio of male and female crabs deviated from 1 : 1 in nearly all month and more females were found. The deviations from 1 : 1 sex ratio in brachyuran crabs have been related to differential growth, mortality, nutrition, utilization of different habitat by each sex, activity and out migration of one sex (Wenner 1972; Conde & Diaz 1989; Siddiqui & Ahmed 1992; Takween & Qureshi 2005) . Christy & Salmon (1984) assumed that sex-ratio is associated to the mating system of each species increasing the reproductive output in population; further research on sex-ratio in other crabs species is required.
In crustaceans, the reproductive capacity of a female is related to environmental variables (temperature, salinity and photoperiod, rainfall), behavioral patterns, food availability and nutritional status (Wenner et al. 1974; Leme & Negreiros-Fransozo 1998; Pinheiro & Fransozo 2002; Litulo 2005) . Breeding seems to be influenced by the physical, chemical and biological conditions of the environment. Reproductive intensity in brachyuran crabs can be measured by quantifying the relative frequency of ovigerous females from monthly samples of population obtained throughout the year (Conde & Diaz 1989; Spivak et al. 1996; Pinheiro & Fransozo 2002; Litulo 2005; Takween & Qureshi 2005) . Maximum percentage of ovigerous female during summer SW monsoon (June to September) could be related to environmental regime. Temperature has been correlated to the occurrence of ovigerous females in other brachyurans (Conde & Diaz 1989; Diaz & Conde 1989; Leme & Negreiros-Fransozo 1998; Litulo 2005) . Sastry (1983) and Emmerson (1994) suggested that temperature; adequate food supplies for larvae development and intertidal zonation are the major controlling factors for breeding periodicity. Breeding period in O. indica can be classified as seasonal reproduction following Sastry (1983) and Pinheiro & Fransozo (2002) . Summer breeding, when temperatures are higher and phytoplankton more abundant would shorten development time and reduce larval predation (Pillay & Nair 1971; Emmerson 1994) . However, studies revealed tropical groups like sponges, corals, polychaetes, and mollusks, showed seasonal periodicities in the reproductive cycles (Perez 1990 and references cited therein). This reproduction and recruitment pattern in O. indica could be a result of the geographical location and tropical humid climate where temperature changes may have been one of the main factors influencing the reproduction (Jones & Simons 1982; Siddiqui & Ahmed 1992) . Various authors emphasized the importance of the availability of food as a primary factor affecting growth rate and egg production in natural populations (Pillay & Nair 1971; Seiple 1979; Sastry 1983) . Further studies are needed to understand the variations and environmental influences concerning the latitudinal and environmental aspects of this population, as well as the larval development of these mangrove associated crabs.
